Anhydrobiosis, an adaptive ability to withstand complete desiccation, is in insects 21 limited to a single species: the nonbiting midge Polypedilum vanderplanki (the sleeping 22 chironomid). Evolution of anhydrobiosis in a single representative of a large genus is 23 associated with drastic changes in genome structure, including the emergence of new 24 multimember gene families directly involved in desiccation tolerance. Among them, Late 25 Embryogenesis Abundant (LEA) proteins, which protect other proteins from aggregation 26 caused by desiccation, are believed to originate via horizontal gene transfer from a bacterial 27 donor. To obtain new insights on the biological background of the expanded 27-member LEA 28 protein group in P. vanderplanki, we investigated the expression of corresponding genes in a 29 P. vanderplanki-derived cell line, capable of anhydrobiosis, in a normal state and during 30 induction of desiccation tolerance. We found that all LEA proteins genes identified in P.
To analyze gene expression patterns, we produced an RNA-seq dataset for Pv11 cells 139 in the control group and after 48 hours of trehalose treatment. This treatment is needed to 140 induce anhydrobiosis in Pv11 cells. We found that all 27 PvLea genes previously identified in 141 the P. vanderplanki genome and expressed in its larvae were expressed in Pv11 cells, 142 excepting PvLea16 and PvLea17. Patterns of PvLea genes' expression were similar in Pv11 143 cells and larvae (S1 Fig) . Importantly, the PvLea expression pattern was well preserved 144 between Pv11 cells and larvae on the 24 hours time point of anhydrobiosis induction (Fig. 1) , 145 which was shown to be the point of highest expression for many PvLEA proteins in P.
146 vanderplanki larvae (7), reflecting the high demand for P. vanderplanki in these proteins at 147 this point.
148
For the PvLea7, PvLea10, PvLea20, and PvLea27 genes, expression was substantially 149 higher in Pv11 cells than in larvae (S1 Fig.) . Another remarkable difference in PvLea 150 expression between larvae and Pv11 cells was the relatively low expression of PvLea4 at 24 151 and 48 hours of anhydrobiosis induction (S1 Fig.) . . Of these, the number of LEA_4 motifs had the highest correlation with the 173 expression of the corresponding gene (r > 0.44, p-value 10 -6 and less) (S1 Table, 174 High expression of PvLEA4, PvLEA7, and PvLEA20 genes encoding highly hydrophilic 175 proteins with low GRAVY index was also associated with some degree of negative 176 correlation of these characteristics with expression (S1 Table, 
252
One of the most expressed LEA-encoding genes in Pv11 cells during anhydrobiosis 253 induction is PvLea4 (Fig. 1) . The corresponding PvLEA4 protein has already attracted 254 research attention for its high level of expression of PvLea in P. vanderplanki larvae. It was 255 shown to limit growth of aggregating protein particles, thereby acting as a molecular shield 256 (17). This function is believed to be the main function of LEA proteins. Being typically 257 disordered proteins, group 3 LEA proteins lack structure in normal conditions based on an 258 abundance of hydrophilic amino acid residues (18). However, they obtain structure when 259 water content decreases (19) . The presence of several copies of a specific 11-mer motif is 260 likely the main feature of LEA group 3 proteins, ensuring their molecular shield activity (20).
261 Remarkably, in this study, we found that, in Pv11 cells, the presence of this motif (LEA_4 262 motif, Pfam ID: PF02987) in PvLEA proteins had some correlation with expression of the 263 corresponding gene (S1 Table) . (Table 1) , 287 because localization in Pv11 cells was stricter than in other cells. Such protein 288 mislocalization can be detrimental because it occurs in many cancers (23).
289
The main difference in PvLEA proteins' localization between different cells in this 290 work was the presence or absence of nuclear localization, which is a process governed by 291 proteins, mostly karyopherin β family members referred to as importins (24). Thus, 292 differences in PvLEA nuclear transport between different cells can be simply accounted by 293 differences in structure of these nuclear-trafficking proteins. Differences in importins' 294 regulation and expression can be also a source of protein mislocalization (23).
295
Interestingly, in the Pv11 cells, none of the PvLEA proteins had mitochondrial 296 targeting, despite mitochondria being potentially a source of increased production of reactive 297 oxygen species during water loss based on the disruption of oxidative phosphorylation (25).
298 In addition, the release of proteins from the intermembrane mitochondria space is a signal for 299 the cells to undergo apoptosis (26). This reflects an increased demand for protection of these 300 organelles in desiccating cells, which can explain the mitochondrial targeting of some LEA 301 proteins (18).
Conclusions

303
Our data provide a first glimpse into expression of PvLea in Pv11 cells. Pv11 cells 304 express 25 out of 27 P. vanderplanki LEA-encoding genes, for which the expression pattern 305 is similar to that in P. vanderplanki larvae. Out of these genes, 24 are upregulated in response 306 to anhydrobiosis-inducing trehalose treatment. These data reinforce an association of PvLea 307 genes identified in P. vanderplanki to its anhydrobiotic phenotype. We also showed that 308 localization of PvLEA proteins in Pv11 cells is not always reproduced in other cell types.
309 Such spatial aspects of protective proteins' function should be taken into account when using 310 PvLEA proteins in the emerging field of engineering of the artificial anhydrobiotic 311 phenotype. 
